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Reports on the Marinz Brorocy of the Supanese Rep Sza.—XVIIL A 
PHYSICAL DESCRIPTION of Knor DonGonap, RED SEA. By CYRIL Cross- 
LAND, M.A., B.Sc., F.L.S., F.Z.S., Marine Biologist, Sudan Government. 


(PLATES 28-34 and 3 Text-figures.) 


Å SUPPLEMENT to the Author’s * Recent History of the Coral Reefs of the Red Sea,” in 
Journ. Linn. Soc., Zool. vol. xxxi. (1907) p. 14. 


[Read 19th January, 1911.] 


[Dongonab is the correct pronunciation of the place-name spelt Dongola on those few 
maps which insert it, and so spelt by me in my paper of 1907. Khor Dongonab is marked 
Dongonab Bay on the last Admiralty Chart published. 


The Arabic word Khor is very loosely applied to almost any depression of the ground, 
great or small. Khor Dongonab is a bay 15 miles long by from 3 to 3 wide. Other 
Khors are inlets like Suakin harbour, a mile or more long by a few yards wide, or shallow 
watercourses on land which contain rushing torrents once or twice in a year, or deep 
ravines among the hills. The word has even been applied to an artificial trench 10 feet 
wide by 4 deep.] 


IN the paper to which parts of this may be regarded as a supplement 
I showed that the very peculiar structure of the Red Sea coasts * is due to 
certain earth-movements which were consequent upon the opening of the 
Great Rift Valley f of which the Red Sea is a portion. Briefly this structure 
is as follows :— 


The Rift Valley.—The sides of the trough are represented by a chain of 
hills of Archean rocks, the summits of which are from four to eight thousand 
feet above sea-level. From their bases, where it is at a level of several 
hundred feet, there slopes down a plain of alluvium, which joins the band 
of coral-rock forming the coastline. At its highest this is an undercut cliff 
up to ten feet high, below which are fringing reefs, two miles to one-tenth 
of a mile in breadth, and seawards a deep channel two to five miles wide, 
and finally the barrier reefs (see Map 1, Pl. 28). It was shown that this 
barrier system is founded upon a range of submerged hills similar to those 
low sandstone hills which now break the maritime plain, and which, like all 
the features enumerated, run more or less parallel with the Archean hills, 
the real sides of the Red Sea trough. These sandstone hills are, so far as 


* My papers refer particularly to the coast between Rawaya and Suakin, but a slight 
acquaintance with the east coast about Jedda and the west side north of Rawaya to the 
Gulf of Suez, shows that the remarkable uniformity of the portion particularly examined is 
found generally in the northern part of the Red Sea. 

+ J. W. Gregory, ‘ The Great Rift Valley.’ 
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they have been seen, capped with coral, and were once barrier reefs lying off 
a mountain coastline. 


Geological History.—The history of the coast has been one of continual 
uplifting, the stages of which were as follows. 

At the time of the opening of the Red Sea Rift Valley the Archean rocks 
were covered more or less with a sedimentary sandstone, and the gypsum 
now found associated with it was already formed. The faulting and minor 
adjustments consequent resulted in these sedimentary rocks being thrown 
into folds parallel to the sides of the main faults, of which folds three main 
systems are now conspicuous, lying at successively lower levels *. The sea 
now filled the valley up to the bases of the great hills, probably not for the 
first time, the highest of the sandstone folds being more or less submerged. 
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Diacram of the leveiling of a range of partly submarine hills by erosion and coral 
growth, resulting in formation of a complex series of reefs and lagoons; sea-level 
shown by dashes. 


A. Thin line outline of range of hills of which two summits are shown, one above and one 
below sea-level, and a deep fault cleft between the summit and the rise towards a 
third, From these are formed an island surrounded by undercut cliffs and broad reef- 
flats, two deep lagocns, a miniature atoll with shallow lagoon. 

B. The same after elevation and further erosion and coral growth, starting from the results 
shown in A. We have the complete removal of the island, broad reef-flats and a 
lagoon occupying its site. The atoll ring is broader, but otherwise much as in A, while 
the deep lagoons become narrow passages and are slightly shallower. 


By the growth of coral on those portions over which the depth of water was 
not too great, and the cutting down of the islands, they were converted into 
a chain of barrier reefs (fig. 1). Assuming that the relative levels of the 


* Detailed soundings outside the barrier reefs might reveal several more—note, e. g., in 
the middle of the sea how closely the 500-fathom line approaches the narrow central 
trough with depths of 1000 fathoms. 
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three folds have remained the same throughout these changes, the second and 
third folds were below the depths at which reef corals flourish, and were 
merely submerged banks. 


“Successive uplifts of Coast-lands—The formation of the maritime plain 
began at once, detritus from the hills tending to fill in the channel between 
the mountains and the barrier reefs. Elevation being in progress the 
barrier reefs began to emerge from the sea, and finally by the extension of 
the alluvial plain became islands of sandstone in a sea of gravel and sand. 
At the same time the depth was decreased over the submerged bank, which 
is the second fold, coral growths arose upon it, and this, with further 
uplifting, brought it to the surface and levelled it up as a nearly continuous 
second barrier system. The maritime plain, the formation of which was 
renewed by this uplift, still extended rapidly into the quiet water within this 
barrier, reached now its maximum modern seaward extension, generally 
nearly up to the barrier, sometimes throwing deposits of gravel over the 
growing reefs. Finally, another elevation converted the barrier into dry 
land, the present coastline, and the spaces left between it and the gravel 
plain were filled in with fine alluvium, making the present continuous 
maritime plain, a few spaces of water being left as the inner arms of 
harbours. 

During this last uplift the third fold came within the range of coral life, 
and the northern portions of the submarine hill range emerged as the hills 
of Shadwan, Ras Benas, Rawaya, and the outer coral ridge of Ras Salak. 
Also the whole fold shifted seawards, so that portions which, like Rawaya, 
were once continuous with the maritime plain and received from it fragments 
of Archean rock from the high hills, are now separated from the mainland 
by four miles of sea. 


The Harbours.—At this time also were formed those very remarkable 
features of this coast *, the landlocked harbours (fig. 2), referred to in my 
former paper. It is shown later that these harbours are the most recently 
made of all these structures, and their position on the summits of the present 
fringing and barrier reefs indicates that these are synclinal folds and 
that their uplifting was accompanied by increase of folding which was 
relieved by cracking along the summit of the syncline. The long deep pools, 
which may be miles long and several fathoms deep, on the flats of the fringing 
reefs have the same origin. 


* The equally striking harbours of the raised coral coast of Equatorial East Africa— 
e g., Mombasa, Wasin, Tanga— were formed in the same way. 
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PLANS of two of the canal-like harbours. Notice the considerable and nearly uniform 
depths, so unexpected, seeing that the surrounding land is only 6 to 10 feet above sea- 
level. The arrow in Khor Shinab indicates the junction of gravel with coral in the 
cliff which bounds the whole Khor. 
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Knor Donconas. (See Map 1, Pl. 28.) 


In my description of the Barrier Reefs of the west side of the Red Sea 
I showed how Khor Dongonab gives the key by which the formation of the 
whole system may be understood. I have since lived in that neighbourhood 
for several years and have noted details which further illustrate the theorv 
I formed in 1905, or which are of interest in themselves. 

Khor Dongonab is one of the few large bays of a coast remarkable for 
the straightness of its outline. After the bays behind Shadwan and the 
other islands at the entrance to the Gulf of Suez, there are no prominent 
points until Ras* Benas, 540 miles down the coast, is reached, and then 
again none until Ras Rawaya, the peninsula which encloses Khor Dongonab. 
Further south again Ras Shalak and Trinkitat are the only protuberances, 
and not prominent ones, before Masawa is reached, more than a thousand 
miles from Suez. 


Peninsula of Rawaya.—Rawaya is a low, slightly undulating surface of 
recent coral limestone, its yellow colour not at all veiled by the grey desert 
vegetation which occurs in a few shallow depressions. There are two higher 
areas, the plateau of Jebel Tétawib in the north, and Jebel Abu Shagara in 
the south, which are 80 and 127 feet high respectively, the latter hill being 
of inconsiderable area. (See Map 2, Pl. 29, & Pl. 32.) 

There is no chart from which I can give the shape of the peninsula on its 
western side, the map in Pl. 29 may be taken as a very rough approximation. 
The area here is broken up by a complicated series of canal-like inlets of the 
sea of which a few are indicated, the depth of which is great in proportion 
to the height of the surrounding country, canals 60 feet deep cutting 
through land 6 feet or less above sea-level (PI. 32. fig. 1). This intricate 
canal system is, however, soon seen to follow a definite plan, being reducible 
to a series of longer canals more or less parallel to one another with shorter 
connecting branches at right angles. They are simply a more than usually 
numerous collection of those fault channels of which the harbours of the 
mainland are conspicuous examples. There are in addition a number of 
these miniature rift valleys which do not contain water, one of which is 
particularly striking, being a deep gash extending from the summit of Jebel 
Abu Shagara to the sea-level southwards. That this is not a deep stream- 
cut ravine is obvious from its position, there being no catchment area from 
which a stream could originate, and from its parallelism with the sheer cliff 
which bounds the hill on the east and which is obviously a fault. 

Jebel Tétawib also ends in a cliff eastwards, and in both these cases a 
sea-water canal runs parallel with their bases separated from the cliff by an 


* Ras, Arabic= Head= Cape. 
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area of sand scarcely raised above sea-level, eliffs and canals being the result 
of one earth movement. 


Bird’s-eye View of Rawaya.—The view from the summit of Jebel Abu 
Shagara is beautiful and interesting in itself, and includes most of the features 
we are specially concerned with. Westwards is Khor Dongonab, here 8 miles 
wide, and beyond it the alluvial plain, which, throughout the length of this 
coast, separates the coral shore-line from the Archean hills. These rise 
majestically to the height ot 8000 feet, the range continuing north and 
south with summits from four to six thousand feet. Ten miles southwards 
are the yellow islands of Makawar * and Mayitib, parts of which are faulted 
up to heights of 300 and 138 feet, while parts remain at about the same low 
level as Rawaya. The high ground occupies two-thirds the area of 
Makawar, while Mayitib is now separated into two, a pyramidal hill and 
a low flat island only six feet high, on the same reef flat. 

Between us and the islands is a maze of coral reefs, white lines of 
breakers bounding calm lagoons, separating the blue-black of the open sea 
from the greens and browns of the sheltered beds of living coral and 
shell sand. 

Rawaya, Makawar, and ihe reefs between are all one hill-range, part of 
which is just submerged, and which is continued still further south as the 
ordinary barrier reefs which fringe the rest of the coast. 

We stand between the dry ravine which almost cleaves the hill into two 
(Pl. 32. fig. 3) and the eliff which forms its eastern side. Below the ciiff 
is the bifurcated end of a canal eight miles long from its communication 
with Khor Dongonab, and a completely enclosed lake of salt water separated 
from the sea by reefs over which perhaps one might drag a canoe at times of 
high water. Judging from its colour I estimated its depth at 30 feet, and like 
all these canals the shores are low cliffs descending abruptly into nearly the 
full depth of the pool. In shape aud position this is obviously a section of 
one of the ends of the long canal above mentioned which has been isolated 
by the imperfect continuity of the fault which formed them and the cliff on 
which we stand. Beyond these canals and lake the ground is rather higher 
than usual in Rawaya, broken up into troughs similar to the canals but for 
being smaller and not deep enough to contain water. 

Northwards we overlook the plain of yellow coral broken by brilliant blue 
sea-water inlets and lakes as far as Jebel Tétawib, nine miles away, noting 
particularly the long parallel-sided tongue of land, named Haysoit, separating 
the main canal from Khor Dongonab. 

Three miles to the north-east are the buildings of the Rawaya Salt 

* This is the Arabic name and means “ broken” or “hollowed,” referring perhaps to its 


precipitous eastern side or to its division longitudinally be a fault-valley. Its native or 
Hamitic name is Meqursam. 
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Company, now abandoned, rising white and imposing, strangely alone in the 
midst of this yellow desert. Between us and them is the salt lake, acres of 
wet salt, like a frozen sea, which was their raison d’étre, yet another of these 
fault depressions, in this case completely shut away from the sea. (Pl. 32. 
fig. 2.) 


Formation of the Barrier Reefs —As noted in my former paper, the barrier 
reefs are a series of large areas covered with an intricate network of reefs 
and shoals with comparatively deep lagoons between. We see from our 
examination of Rawaya how many of these deeper passages have arisen. 
Imagine Rawaya at a level say ten feet lower. The greater part of the 
land remaining above water would then be quickly eut down to form reef 
flats, the two hills remaining as islands, the canals as lagoons and passages 
between the reefs. Another series of lagoons would be formed by the 
solution and degradation of the reef flats, the outer edges of which are 
protected by growing corals and remain as long and narrow surface reefs, 
generally crescentic or incompletely circular in form. This is obviously the 
origin of the reef maze lying between Rawaya and Makawar, and, by 
inference, of the rest of the barrier system. (See fig. 1, p. 266.) 

In my previous paper it was stated that there were no hills at Salak 
(Maps 1 and 3) to make a complete correspondence between Ras Salak and 
the barrier reefs extending southwards from it, and Rawaya and its reefs. 
Since then I have had opportunities of seeing more of that neighbourhood, 
and I find that there is a line of raised coral running along the coast for 
about ten miles, which, though only ten to twenty feet above sea-level, is 
very distinctly marked off by a broad flat salt marsh separating it from other 
raised coral westwards. This latter is continuous with the shore reets about 
the harbour of Little Salak, so that we have, on land, elevated continuations 
of both systems of reef, separated by a wide valley of fine alluvium formed 
by the filling in ot the lagoon between the reefs. The sketeh-map (PI. 30) 
makes the arrangement clearer. 

The shore of this salt marsh is obviously extending seawards, probably 
under the influence of sandstorms as much as, or more than, of rain floods. 
The correspondence of Ras Salak with Ras Rawaya and of the salt marsh 
with Khor Dongonab is thus complete, the former being on a smaller scale. 


The origin of the Ship Channel.—The size of this channel between the 
fringing and barrier reefs is very considerable, its average width being 
from 2 to 4 miles and depth from 15 to 200 fathoms. (Map 1, PI. 28.) 
There is nothing to hinder large steamers travelling up it from Suakin 
to Mohamed Gil, and of course that section lying between Port Sudan and 
Suakin is so used. The traveller by native boats of 20 to 50 tons sees the 
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reefs at rare intervals, their presence or absence being only inferred through 
the direction and size of the waves met with. 

Khor Dongonab again gives the clue to the formation of this channel. 
Although Rawaya is formed entirely of coral, gypsum and sandstone, in 
the way I described in 1905, a few fragments of black stone from the 
Archean hills of the mainland are to be found at intervals on the surface 
of the coral, and though these are so few as to occur singly they are too 
numerous to have been brought over by human agency, and are conclusive 
proof that Rawaya was once continuous with the maritime plain of the 
mainland. Khor Dongonab therefore is a very recent fault depression ; 
Rawaya, and with it the whole barrier system, having been torn away from 
the mainland, leaving a rift which the sea has filled. 


Age of the Maritime Plain.—The ages of these pebbles from the Archean 
hills to the coral formations are of great interest as indications of the relative 
ages of the maritime plain, the reef and the earth movements which have 
made the peculiar features of the present coastline. It must be remembered 
that the corals and shells which compose these limestones are all identical 
with living forms. Asa general rule the band of raised coral which now 
forms the coastline is at a somewhat higher level than the strip of finer 
alluvium which separates it from the gravel of the main mass of the plain. 
The arrangement is, indeed, like that described at Ras Shalak, but on a much 
smaller scale. Where, however, gravel and coral meet, the former overlies 
the latter. The most striking case is found in the cliffs of the innermost 
branch of Khor Shinab (see plan, fig. 2 on p. 268, and Map 1, Pl. 28), 
where coral cliff passes into gravel without the least change in the outline 
of the Khor, and even without alteration of the shape of the cliff other than 
that due to the insolubility of the gravel. Nothing could more strikingly 
show that both alluvial plain and coral reefs were fully formed before the 
earth movements occurred which formed the present features of the coast, 
and that these affected both formations equally whenever both occurred 
within the sphere of their action. It proves also that the rest of the 
maritime plain was fully formed at that time, its later extension seawards 
having been insignificant, whatever may have been added to its landward 
slopes. Not only so, but the existence of beds of pebbles, a few feet or a 
few inches thick, below the coral in the ravine of Jebel Abu Shagara carries 
back the history of the maritime plain much further. They indicate the 
existence of a maritime plain and earth movements, which, compared with 
those which we are considering, are of a very old date, though in geological 
time still recent. 

A portion of this older maritime plain has become isolated, and so 
preserved distinct, as a low hill about 100 feet high two miles south of 
Dongonab village, and its continuation northwards as a gravel ridge 10 to 
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20 feet above sea-level. These are now separated from the rest of the same 
formation by a broad flat valley, very slightly raised above the sea and 
opening into a bay on the west side of Khor Dongonab (see Map 2, Pl. 29). 
It is exactly comparable to the valley at Salak, or to Khor Dongonab itself, 
in origin and topography, the gravel being substituted for raised coral, 
The old character of the hill is shown not only by its present isolation from 
the rest of the gravel plain, but by the existence of the strata in which the 
gravel is bound together by gypsum, these more coherent strata protecting 
the mass of loose gravel below them and forming steep-sided butts. 

The wells which supply Dongonab village and the nomads’ flocks are sunk 
in this flat valley bottom, about a mile from the sea. As might be expected, 
the water obtained is too salt to be used by any but natives ; the wells, 
though only ten feet deep, reaching sea-level. For the first few feet they 
pass through yellow blown sand, which suddenly becomes blue in colour and 
of a clayey consistence, the change indicating a former sea-level 6 feet or 
so above the present one, as will be shown later. Near the level at which the 
influx of water stopped our digging, some decayed wood was brought up 
with a species of Ostrea attached and other marine shells with them. 

We have thus additional proof, if that were needed, of the origin of these 
valley-flats by the filling in of bays, principally by blown sand. 


The Gypsum Deposits—Gypsum is abundant in many places along the 
coast, among the sandstone hills, which are generally a few miles inland. I 
figured its contorted strata underlying the horizontal coral of Jebel Tétawib 
in 1907, and PI. 82. fig. 3 shows it, less clearly, in the ravine of Jebel Abu 
Shagara. Its unconformity with the coral in Jebel Tétawib proves its 
formation prior to the present sides of the Red Sea trough. 


Theories of Formation.—Gypsum, calcium sulphate, might be formed either 
by conversion of limestone, calcium carbonate, by the action of sulphurous 
geyser springs, or the life activities of sulphur bacteria, the product being 
afterwards oxidised. These origins would seem feasible in view of its juxta- 
position to coral-reef limestones, but, as we have seen, this implies no other 
relation, the strata being unconformable. Further, the action of volcanic 
gases or springs, or of sulphur bacteria, would probably not be perfect 
throughout the mass of rock, but in the one case would result in local meta- 
morphoses, gypsum passing into unaltered limestone on either hand, or, in 
the second case, of alteration of the upper strata, the lower being mixed 
carbonate and sulphate, or of carbonate alone. There is no visible trace of 
such local action anywhere, and samples of every part of the Jebel Tetawib 
deposit have been analysed * and found to be very pure sulphate. 


* By Dr. Beam, of the Wellcome Research Laboratories, Khartüm. See Wellcome 
Laboratories Annual Report, 1908, 
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The very wide distribution of the deposits among these hills, even as far 
north as Kossér (lat. 269 N.), postulates an agent the range of which was 
coterminous with the ancient Red Sea, such as, for instance, the evaporation 
of its salt water. The Bab el Mandeb Straits, between the Red Sea and 
Indian Ocean, are not only very narrow but show signs of comparatively 
recent volcanic action, so it is not at all difficult to imagine their becoming 
blocked and again opened, possibly more than once, before those final move- 
ments which we have considered. If we are right in attributing the faulting 
up of the barrier reefs to the actual opening of the Rift Valley, it is probable 
that at the time the gypsum was deposited the area was occupied by a much 
shallower sea, in which the deposition of gypsum by evaporation would 
readily take place. 


The Rawaya Salt Field.—I am the more inclined to this theory by my 
acquaintance with the Rawaya Salt Field, where a bed of gypsum is in actual 
process of formation. This lake of salt (Pl. 32. fig. 2) is a fault-depression 
shut off from the sea except by subterranean leakage on the south side. 
During the winter sea-water enters this way and so renews the supply, but 
in summer the sea-level is slightly lower and scorching winds remove this, 
leaving the surface firm, dry salt. Beneath the salt, ata depth of two or three 
feet, the deposit changes into a mass of loose, white crystals of gypsum, the 
formation of which is evidently recent and still continuing, a fresh supply 
being deposited from the sea-water added during each winter. How deep 
the gypsum may extend I do not know, but if this depression is as deep as the 
adjacent ones, there may be thirty to sixty feet of recent gypsum to the three 
feet of salt. 


DoNGoNAB PLAIN: 


The west shore of Dongonab Bay from the point marked by an arrow (on 
Map 2, Pl. 29) to its head, a distance of about 10 miles, is favoured over the 
whole Sudan coast of the Red Sea in that it is formed of sand beaches sloping 
quickly into water two to three fathoms deep. Atabout half a mile from the 
shore lie coral-reefs and shoals, which will be described later, enclosmg a 
series of harbours, shallow as stated, but unobstructed by coral, quite ideal 
for the small craft which alone navigate this coast. Dongonab Harbour is 
that one of the series which has but moderately complicated entrances, one of 
the best beaches, and is nearest to the well. 

The shore itself is extremely low, about three feet above mean water-level, 
in winter often only one foot above the sea. For from a quarter to half a 
mile inland its surface is of sand alone, perfectly level but for hillocks of loose 
sand where vegetation occurs. Further inland is the gravel ridge mentioned 
on page 270, which runs northwards from Dongonab Hill and separates the 
valley in which are the wells from the sand plain. The mass of this ridge is 
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mostly sand, as is the maritime plain, the surface of the deposit containing an 
undue proportion of stones owing to removal of loose sand by the wind. 

The sides of this gravel ridge were once the sea-shore, the sand plain, like 
the well valley, being of marine origin as evidenced by numerous marks of 
old beach lines running more or less parallel to the curves of the present shore 
line, and, in one or two places, by outerops of coral. Numerous modern sea- 
shells strew the surface, Murex ramosus and Strombus sp. being the most 
common, while, by digging, many smaller and more delicate species are turned 
up, the proof of the marine origin of the ground, not only its surface, being 
thus complete. 


Detailed ‚Description. —The plain has several peculiar features which make 
its description, and the explanation of its formation, worthy of attention. Along 
its seaward edge is a band of sand hillocks one to three feet high formed by 
the collection of blown sand among and to leeward of tufts of the Halophyte 
Suaeda Volkensii * (see Pl. 80). This wonderful plant is able to preserve a 
touch of brilliant perennial green in these fearful wastes, where there has 
been practically no rain for four years, and in autumn is still splendid with 
the crimson bracts of its flower-spikes. Its succulent leaves remain fresh, 
notwithstanding the storms of summer which dry all moisture from ordinary 
vegetation like the heat of a fire and which dull glass by the rasping of the 
driven sand grains. Within this zone, which is about ten yards wide, the 
surface is almost perfectly bare and level. There is no loose sand, and though 
at first the surface is soft like soil, or hard and friable as though frozen 
according as the weather is damp or dry, a little distance inland it becomes 
nearly as hard as a macadamised road. There are areas of exceptional hard- 
ness, where the surface is more like stone than sand, and can only be broken 
by chisel or crowbar. These are generally found in bands which more or less 
follow the curves of the shore line, and represent the tops of ancient beach 
lines. They are chosen by the natives as sites for their houses, providing 
clean hard floors ; one area was so perfectly smooth and large as to provide 
us with an excellent tennis court. The third and innermost section is nearly 
as broad as the second, and here the general level is raised and the surface 
made undulating by the collection of dry sand by two species of salt-loving 
desert grasses—an outer band of Hluropus villosus, recognised by its grey 
prickly leaves, almost like furze prickles, and especiaily by its globular white 
flower-heads on slender stalks; an inner band of another prickly grass which 
is, however, more of the ordinary gramineous form. Both propagate by 


= Suaeda generally occurs alone, but in places other Xerohalophytes occur. The latter are 
species very abundant as a fringe round the high-water line of all the sandy islets where 
Suaeda is very rare or quite absent. ‘These islets are formed of broken shell and coral, the 
plain of inorganic sand. 
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ereeping stems which root at the nodes, may be six feet long, and which must 
increase their effectiveness as sand collectors. Specially conspicuous accumu- 
lations are sometimes made by “Eluropus, e. g near Dabadib Harbour, where 
a considerable area is covered with conical hillocks of fine red dust resembling 
termites’ nests, four or more feet high, which have been accumulated in con- 
tinuously growing tufts of this grass. The /Eluropus grass is accompanied by 
another succulent Xerophyte, which is also found among the acacia bushes 
(Acacia tortilis with Lycium persicum) of the gravel, but the grasses are there 
absent. A very little of the ordinary woody grass of the maritime plain is 
present among the bushes, which, in contrast to the halophilous grasses above 
mentioned, is leafless all the summer, indeed it has now been practically so for 
four years. Beyond the gravel area the head of the well valley is blocked 
with sand-hills of considerable size, mostly quite bare, but in places covered 
with bushes up to six feet high, in shape and size strikingly recalling the 
British juniper, with dark green succulent and cylindrical leaves, and known 
to the natives as “asal” or “adlib.” OF these plants the Acacia tortilis, 
having for all its meagre height a well-formed trunk, and the grass of the 
gravel ridge are not sand collectors *. The “asal,” one would think, should 
act in this way, but it certainly has done nothing towards forming the sand- 
hills near and on which it is found, even if it has possibly raised the general 
level of the valley bottom. It is not found on the largest sand-hills, and one 
often meets with cases where a thicket has died in consequence of the removal 
of the sand, not the dune’s destruction, following the death of the bush. The 
xerophyte of the innermost section of the sand plain is, like the grasses, an 
efficient collector, but it occurs too sparsely on the gravel to have much effect. 
Indeed the action of the wind must be continually to reduce the height of the 
gravel while raising that of the inner side of the plain, and this latter area is 
extending over the bare part of the plain as fast as the reduction of the amount 
of salt in the sand will allow the grass to grow over it. 

Excavation emphasises the peculiar coherence of the sand noted above, and 
the striking difference in colour as well as other properties between it and the 
fresh sand-drifts. The latter appear by contrast almost white, after a sand- 
storm its accumulations remind one forcibly of snow-drifts. On the trench 
meeting one of the harder bands above mentioned, crowbars and hammers are 
called for and the sand is removed as lumps of soft stone, not by spadefuls. 
One notices that these bands are formed of a very coarse sand, the grains of 
which may be up to a millimetre in diameter. 

At a depth of two or three feet the sea-level is reached +, and the sand 
abruptly changes in colour from dull buff to a blue-grey. It ceases to be 

* Another species of Acacia (native name Sanganeb) is present, but rare, which forms 


large hillocks, nearly as big as the bush itself. 
+ Compare the depth in the well valley at which this change occurred. 
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consolidated, but is sticky like clay, and full ofthe delicate shells of sand-loving 
lamellibranchs, being in all respects like the sand at the bottom of the harbour. 
Examination shows at once that the great bulk of this sand is inorganic like 
the sand-drifts, the difference in colour being due to admixture a organic 
matter, e. g. calcareous sand from the shells yon have inhabited it, traces 
of carbonaceous remains of the bodies of lamellibranchs and worms or of the 
two marine phanerogams which abound in all these lagoons. It must be con- 
siderably affected by its passage through the intestines of holothurians, a large 
burrowing form of which is so abundant that its greai conical casts cover the 
whole bottom. The clayey consistence is easily accounted for by the fact 
that the wind carries sand of all degrees of fineness, and that in these lagoons, 
which are almost tideless and perfectly sheltered, the very finest dust remains 
near shore instead of being cleaned out from the coarser sand and carried out 
to deeper water. In a shallow excavation this impalpable dust colours the 
water which collects to just that shade of red-brown which is so characteristic 
of the Nile flood, and it is probably nearly of the same composition as that 
valued fertiliser *. With great difficulty we carried our excavation toa depth 
of 12 feet, the character of the clayey sand remaining the same throughout. 

We made one interesting find, viz., the bones of a dugong. These, though 
well preserved and hard, were found in small pieces only an inch or two long, 
and could only be identified by the presence among them of the tusks. The 
fact of so many fragments being found close EE suggests that the bones 
had been carefully broken up for cooking, and apara agency is corroborated 
by the presence with them of fragments m pottery. It is very probable that 
they were tlırown overboard To a sambuk of the olden days anchored at 
this spot, now a hundred yards inland. Other evidence of the presence of 
man in times centuries past is afforded by the heaps of pearl-shells found by 
digging almost anywhere in the plain up to 100 yards inland at least (I have 
not excavated further), and the larger heaps on some of the islands. These, 
now brittle and of an opaque dull yellow colour with age, are obviously relics 
of the time when mother-of-pearl was of no value, and the fishery was 
followed for the sake of the pearls alone f. Their presence indicates that the 
beach was very near at hand at the time they were opened and thrown away, 
there being no inducement to carry them inland. 


Climate.—The climate is at times the most disagreeable in the world, at 
times most delightful, but the formation of the plain is only due to the former 
conditions, 

During the summer are intervals lasting three to ten days each, and 


* Floods from the hills have the same colour, and so fine is the mud that after a flood 
Port Sudan Harbour remains red for days. 

t Nowadays the fishery is for the shell, or mother-of-pear], the pearls found adding only 
a percentage to the profits. 
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amounting in all to perhaps two months of the year, of the weather called by 
the natives “ hurår.” The morning opens with a very light land breeze which 
soon dies away to a dead calm. It is hot half an hour after sunrise, and 
becomes unbearably so by 8 a.ır., at which time the temperature approaches 
100° F. Then comes the wind off land, a few premonitory puffs and in half 
an hour a gale carrying sand and dust, heated as if by fire, the temperature 
rising to 105° F., to 110° F. or even 115° F. The air is often so thick with 
sand that one cannot see 100 yards ; nose, ears and eyes are filled, and teeth 
coated, with dust, and heaps of sand, like snow-drifts, accumulate to windward 
of any obstruction. For instance, a storm buried a pile of boxes in my store 
to such an extent that it took three men four days to dig them out and much 
more labour still to re-level the store yard. After a fence of roofing zine was 
put: up to prevent a repetition of this, another storm accumulated drifts on its 
windward side which I estimate at several tons of sand to each linear yard of 
fencing. The general level of the ground round my buildings and fences has 
been raised six inches to a foot in about two years. This wind generally 
blows till shortly before noon, but may continue till 4 p.m. In the former 
case it ceases suddenly, there is a dead calm for half an hour or so, the 
temperature drops to 90° F., and a sudden strong damp wind blows in from 
the sea, the dampness almost neutralising the fall of temperature so far as 
one’s sensation of heat is concerned. 

Sometimes this return wind comes in during the morning, the time that 
“hurtr” usually blows, the inference drawn by the natives, and I think 
rightly, being that the westerly hot wind is then blowing ata point further 
down the coast. The winds are apparently small cyclones, which are very 
local and do not extend far to sea. I remember once, while exploring a part 
of the barrier system about five miles from land, my schooner was picking its 
way among the reefs with the lightest of breezes, while shorewards some 
native sambüks were flying before a gale, and a vast cloud of sand blotted out 
the mountains from view. It would be very interesting to know what is 
happening at the bases of the mountains and in the upper air at these times. 

These conditions obtain much more frequently at Port Sudan and Suakin, 
though the wind does not so often carry sand. North of Dongonab they are 
less frequent, being, according to the natives, absent altogether only a hundred 
miles away. 

We have thus alternations of extreme dry heat and of dampness on one day. 
Exceedingly damp weather is the characteristic of the late summer and 
autumn, and of intervals of a few days at a time during the winter. Such 
weather is nearly as uncomfortable as extreme heat, even the natives become 
listless and depressed by it. The dews are very heavy, one’s bedding, if left 
uncovered on the roof (the only sleeping-place during these sultry nights), 
becomes soaking wet, and water literally runs from clothing that has onee 
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been wetted by the sea. In the morning the dew drips from the roof like 
rain. The winter is generally dry and pleasant, but, there are intervals of 
strong damp south-east winds, which carry salt moisture over everything near 
the sea, and other manifestations of dampness are as unpleasant as described 
for the late summer. 


Cementation of the Sand.—Now for the effect of these alternations of 
extremes upon the sand of the plain. The new drift is of a pleasant light 
yellow colour, dry and loose like the sand above high-tide mark of an 
English beach. In a few days it becomes darker coloured at the base, and 
finally this tinge spreads over the whole except perhaps the uppermost part, 
and the sand grains begin to cohere slightly. During a spell of damp weather 
the drift has drawn up moisture by capillary action from the damp plain, and 
with it salt *. Dry weather following, this water is evaporated, to be replaced 
by more drawn up from the plain (ultimately from the sea), so that in time a 
considerable quantity of salt is mixed with the sand. Rain removes the more 
soluble, leaving the less soluble constituents of sea-salt as a cement, which, in 
the ease of the coarser deposits, converts loose sand into stone. The level of 
the plain is thus that at which capillary action can deposit enough binding 
material to counteract the abrasion of the wind and the sand it carries. Near 
the sea the level is temporarily raised a little above this by the dunes 
collected by Suaeda, but within this band, the vegetation being killed oft by 
the consclidation of the sand, the hillocks are swept away and the level reduced 
so that the hard almost perfectly level surface above described is produced. 

After every storm sand is deposited on the slope of the beach, thus extending 
the plain a minute distance seawards. This process would go on if no 
vegetation were present, but the Suaeda assists greatly by the increase of 
height it gives to the slope and by holding the sand together while the 
cementing process is begun. 

The longest axes of these hillocks are, as has been noticed in other sand 
formations, not in the direction of the prevailing winds, fairly strong though 
these are, but in the direction of the sand-bearing gales, i. e., not N.E. to S.W., 


but N.N.W. or W. to S.S.E. or E. 


Coral Reefs —In places patches of coral reef appear in the sand, but as 
these project only a few inches above the surface it is evident that they were 
eut down to sea-level after the first main movement of elevation in these 
reefs, attaining their present position by one of the minor ones which followed 
it, as described in my paper of 1907. They were then surrounded by the sand 
before the sea totally removed them. The neighbouring reefs which bound 
the lagoons seawards are almost certainly of the same age, but though areas 


* Fine salt spray is blown on to the plain during high winds, but the darkening of drifts 
from the base upwards is evidence of the importance of capillary action. 
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of older rock occur at a slightly higher levei than that of the living coral, no 
fragment now rises above the mean sea-level, even on the inner protected 
reefs or near the present shore. The inference is that the patches of coral in 
the sand of the plain were protected from erosion by the sea soon after 
their final elevation, while others only a little farther seawards were exposed 
so long as to be eroded to present sea-level. This, however, does not justify 
any belief in a slowing of the formation of the plain in recent times, as these 
patehes are on the landward ends of reefs the shallow flats of which were 
soon covered by sand and form the long promontories which divide the 
lagoons from one another. Indeed these, like other features of the plain— 
e. y. the old beach lines, —indicate that its formation has been almost perfectly 
regular, and probably began after the reefs had reached their present 
condition. Without the shelter of the reefs the constitution of the sand 
deseribed above could not have been as it is. 


Dongonab Harbour Reefs —These reefs are somewhat complicated, and only 
after having lived at Dongonab for some mouths was I able to pass the 
harbour entrances without the assistance of a native. But once understood, 
the plan of the reefs off Dongonab Harbour is very simple. They lie in three 
lines, the first being a nearly continuous surface-reef, the next a line of shoals 
with heads and patches of coral reaching to the surface, the third a series of 
rather deeper shoals with two fathoms of water generally, with rare heads 
reaching to a fathom of the surface. 

A good deal of mud and grey sand has collected about these reefs, so that 
when I saw them in 1905 I thought it possible that they were a series of 
banks of sediment with coral caps, a possible method of reef formation 
suggested by Darwin, and one which is the most probable explanation of the 
Shubuk reef labyrinth. There are, however, areas of old rock a few inches 
above the level at which growing coral covers the reefs, and this fact indicates 
that this series, like all the other reefs of the coast, owes its formation to 
faulting, three troughs separating the ridges which are now reefs. The fact 
that the outer ridges have not become surface-reefs is particularly interesting 
in connection with the ecology of coral, and will be referred to later. 


Jedda.—It would hardly be worth while considering the formation of the 
harbour of a totally insignificant place like the village of Dongonab were it not 
that it is a miniature of the harbour of Jedda, just opposite on the Arabian 
Coast. Though quite unvisited by the ordinary traveller, this, the gateway of 
the Moslem Holy Land, is crowded with ships of all sorts, from large steamers 
to Arab sambiiks, during the season of the Mecca pilgrimage. Thevery peculiar 
arrangements of the reefs which give it protection from the sea is evident by 
a glance at the plan on PI. 31. 
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Ecology of Coral.—In the Red Sea from the entrance to the Gulf of Suez 
southwards to Shubuk *, 2. e., from latitude 28°N. to 18°40'N., coral 
flourishes exceedingly on every reef; even within the canal-like harbours 
certain species survive in the muddy water near their heads. But there is 
a curious restriction of coral growth within Khor Dongonab; between 
Sararat Island in the south and Umm Tarda in the north the reef flats ending 
in walls of luxuriant coral (such as are universal everywhere) give place to 
sloping banks covered with stones and weed or sponges of the genus 
Phyllospongia. It is only after some residence and travel on this coast that 
the phenomenal nature of these conditions, normal elsewhere, is fully felt. 
There is nothing like it elsewhere on the Sudan Coast, and I should not be 
surprised to find that Khor Dongonab is altogether unique in this respect. 

This reduction of coral growth becomes all the more puzzling when one 
finds that in certain places many species flourish perfectly f, and above all 
that in the northern basin of the Khor, above Umm Tarda, the normal Red 
Sea conditions are met with again. The shoals of this basin have been 
converted into level surface-reefs with precipitous sides, and the islands are 
surrounded by coral in the same way. But in the main basin of the Khor 
coral growth, in any quantity, is restricted to water two or three feet deep, 
and then is far from forming a complete reef-flat. 


Fra. 3. 
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The zigzag lines indicate masses of coral. 

Diagram of the results of marine erosion on a bank of elevated coral according as the 
growth of coral does or does not preponderate over forces of degradation. The shaded 
area, bounded by the line marked 2, isa section of a bank such as is characteristic of the 
Main Basin of Khor Dongonab; 1 is the outline of the original bank, and 3 that of 
the resulting reef when coral growth and denudation work together, 


The slope of the sea-bottom round any of the islets or along the limestone 
shore of the west side follows one rule which is illustrated by the diagram of 
fig. 3. Ata distance of two or three hundred yards from shore the gradual 


* The southernmost point of which I have personal knowledge. 
+ Professor J. Stanley Gardiner is describing a collection mainly from Dongonab Harbour 
with his own collections from the Indian Ocean. 
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slope suddenly changes, soundings passing from five to nine or ten fathoms in 
a few yards. This suggests that we have come upon the lower portion of 
the usual reef precipice, and this is very nearly the case. 

The diagram illustrates roughly the results of marine denudation upon a 
mass of limestone or sandstone in the presence or absence of vigorous coral 
growth, the line marked 1 being the outline of the mass as it was originally 
elevated ; 3, after wave-erosion under the protection of growing coral, 
resulting in the formation of a reef flat, slightly hollowed out near shore and 
typical precipitous edge of growing coral ; 2, the effect of wave and current 
erosion when protection by living organisms is only partial. 

The former case is that universal in the Red Sea, and found in the North 
Basin of Khor Dongonab, the latter the peculiarity of the Main Basin. 


Currents —A glance at the chart of the Khor shows how its peculiar 
contour must result in the formation of especially strong currents whenever 
there is any small change of sea-level outside. The Red Sea is not nearly 
of so constant a level at ae latitude as at Port Sudan or Suakin. Records 
have been kept at Dongonab for several years, and show that the difference 
between maximum and minimum levels amounts to 80 ems., but that the 
alteration of level rarely or never exceeds 50 ems. in the 24 hours. Con- 
sequently there are no violent tide-races formed as there would be with a 
tide of say 1 or 2 metres only. The strongest local current I have actually 
observed ran at perhaps 3 knots, but this was rather exceptional. We have 
indeed a good example here of the considerable effects produced by currents 
of quite moderate strength and carıying very little silt. That these banks 
have been, and are being, carved out by currents is obvious on inspection, 
their areas of smooth rock, bare or covered with a very little sand or here 
and there by nodules of Lithothamnia, could be produced in no other way. 
I have had occasion to look for soft patches for anchoring on these banks, 
and on seeing a bottom of sand have sent down a diver with a crowbar to 
test its depth. It has almost always been found only an inch or two deep, 
and too coarse and clean to be brought up by a dredge-net that would retain 
quantities of ordinary sea-sand or mud. The water is generally clear, pearl 
shells, half hidden among weed or sponge, being picked out by the natives, 
using a “ water telescope,” at depths of from three to ten fathoms. The 
former is the average depth at which shells can be seen all the year round, 
the latter rather exceptional, but both depths are of course a long way short 
of that at which a white plate would be visible. The dirtiest water is due 
to wealth of micro-plankton rather than to mud. The absence of coral can 
only be attributed to the destruction of its newly-settled larve by the 
rasping of current-swept silt, not to the current alone; and the distribution 
of other organisms as well as of corals agrees with this theory. Coral reefs 
are found where the currents are least strong, and this in spite of the fact 
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that in these places the water is far dirtier than elsewhere—that is to say, 
inside Dongonab Harbour and Khor Atöf, besides in the North Basin (see 
Map 2, Pl. 29). As for other organisms, familiarity with these areas and 
watching the results of the pearl-divers shows clearly that the only organisms 
that can occur in any numbers upon them are those which have SE otected 
larva. For instance, among the Lamellibranchiata, all the Aviculida, so 
common elsewhere, are rare here, being only found where they had some 
shelter during the youngest stages. Once above a diameter of 10 em. the 
large pearl-oyster (Mytilus margaritifera) lives and grows well here, where its 
newly settled larva cannot exist. The Lamellibranchiata that flourish here are 
such heavy shells as Chama, Spondylus, and Ostrea ; and it is to be noted that 
in these species the smallest shells seen, say 2 mm. across, are already hard 
and solid, in very marked contrast to the extreme delicacy of the Aviculida: 
of the same size. . Similarly seaweeds except Lithothamnia are generally 
absent ; the Phyllospongiidæ, which occupy the ground, may be presumed, like 
other sponges, to have larvæ well provided with a skeleton, in this case of 
tough fibre, at the time they settle. 

In 1902 I suggested * that the absence of corals from the outer reef-edges 
of Zanzibar and British East Africa was due to the fouling of the water by 
sand and organic matter from the broad reef-flats. My experience of Khor 
Dongonab leads me to believe that the amount of sand carried out from the 
Eastern reefs of Zanzibar, and the strength of the current which impinges 
upon them, is much more than sufficient to account for the absence of coral, 
for which at that time the explanation I offered appeared to me not altogether 


adequate. 


Extension of Lagoons.—From the foregoing itis evident that one must never 
suppose that the existence, even in fair abundance, of Corals and Lithothamniu 
necessarily indicates the extension by growth of a reef. The rate of increase 
of a reef is not merely the sum of the growths of its individual colonies, but is 
a balance between growth and forces of degradation. Coral is quite common, 
for instance, about the base of a wall, built of corals from the reef, near the 
salt works. This has been in existence about twelve years, and whiie the 
solution of its base is very evident, the addition made by the coral colonies 
growing upon it is practically nil. Similarly on the outer reefs about 
Dongonab all dead coral is found to be rotten with sponge and worm borings, 
rapidly crumbling into mud, while the bases of even living colonies are 
generally in the first stage of decay. For instance, a fragment of Porites 
picked up at random from a pile of coral brought in for building purposes, 


* “The Coral Reefs of Pemba Island and of the East African Mainland,” Proc. Camb, Phil. 
Soc. vol. xii. part i. (1903) pp. 36-43; and “Coral Reefs of Zanzibar,” Proc. Camb. Phil. 
Soc. vol. xi. (1902) pp. 493-503. 
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though growing healthily above and partly coated with Lithothamnia &e. below, 
is full of minute holes round the base, which are the openings of sponge and 
worm borings, while another fragment showed the openings of 18 Lithodomus 
borings. This borer is very common ; one meets corals, still living, in which 
its burrows are much more abundant; being nearly as close-packed as those 
of Teredo in waterlogged wood. In short the active growth of Coral and 
Lithothamnia may delay, but certainly does not prevent, the extension of the 
sea all along the western shore of the Bay. 


SUMMARY. 


1. There have been three successive lines of barrier reef along the Red Sea 
Coast, which, by continual uplift, have become : 

(1) A range of sandstone hills rising from the alluvial maritime plain ; 
(2) A fringe of limestone along the present coast-line ; 
(3) The present barrier system. 

2. These three ridges were formed by folding and faulting of sedimentary 
rocks which overlay the bases of the Archean bills at the time of the great 
movement which opened the Red Sea section of the Great Rift Valley. 

3. The northern ends of several sections of the present barrier reefs are 
elevated above sea-level, and examination of these, especially the one forming 
Rawaya Peninsula, and of the hills forming the maritime plain, enables us to 
reach the above conclusions. 

At the same time Rawaya gives evidence of a seaward movement as well 
as uplift, Khor Dongonab and some at least of the channels within the Barrier 
Reefs being recent fault-depressions, not merely the original anticlinal fold 
formed by the opening of the Rift Valley. 

The harbours and other fissures in the coast are due to the same secondary 
faulting. 

4. The maritime plain has had two maxima of seaward extension, the first 
being before, the second after the growth of coral on the second and third 
barriers. Owing to elevation nothing has been added to its seaward slopes 
since the formation of the features of the coast by secondary faulting. 

5. The filling in of valleys and the completion of the connection of the 
second barrier with the maritime plain has been largely due to blown sand. 
The process is continuing, an extensive plain near Dongonab showing perfect 
uniformity in its formation. The effect of climate and vegetation on the 
for mation of the plain is described (Plate 34). 

6. OË the possible mode of formation of the widely distributed gypsum 
deposits the theory favoured is by the evaporation of a shallow sea which is 
presumed to have existed before the deep Rift Valley was made. The recent 
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and still continuing deposition of gypsum beneath the Rawaya salt field is an 
interesting actual example of this method. 

7. The restriction of coral growth within Khor Dongonab, a very exceptional 
if not unique state of things in the Red Sea, is shown to be the result of 
abrasion by silt-carrying currents. Considerable effects follow from com- 
paratively feeble currents which carry very little sand, but that this is 
sufficient to prevent the fixation of coral larvæ is borne out by the comparison 
ot newly fixed spat of those mollusca which do flourish on these current-swept 
banks with those of the Aviculidæ, e. g., which flourish on the coral areas. 

8. That on its west shore Khor Dongonab is extending itself at the expense 
of the land in spite of the presence, in some abundance, of coral and 
Lithothamnia. The presence of these must not be assumed to imply the 
addition of material to a reef unless their growth can more than counter- 
balance the forces of degradation. 


EXPLANATION OF THE PLATES. 


PLATE 28. 
Mar 1.—General view of the Red Sea, showing Jedda, Port Sudan, Ee, 


The outline of the coast is a double line, the outer representing the edge of 
the fringing reef. The shoal areas bearing the bariier reefs are shown outside 
these; they are especially regular between Ras Salak and Suakin. 

The map includes the whole coast-line of the Anglo-Egyptian Sudan, between 
the Egyptian and Italian Boundaries. 

Sandstone hill-ranges are shaded. 


PLATE 29. 


Map 2.—Larger scale, showing position of Khor Dongonab. 
(1) Small islands are black, thin lines enclose shoal areas bearing reefs. 
(2) Distribution of Coral. 
Growing coral is shown by shading. Such an area enclosed by a line represents 
a coral reef with definite edge, but the existence of many reefs can only be 
indicated in writing. Bare rock-slopes are indicated by lines of dots. 
(8) Depths :—10- to 20-fathom line — m. — :— 
KOO eminem me se Bere 
Tbe numbers refer to depths in fathoms. 

The chart made by Commander Walter in H.M.S. ‘Merlin’ in 1907 is extremely 
interesting (Admiralty Plan No. 3722). This is the only large-scale chart 
giving detailed soundings of a part of the outer edge of the Barrier System. The 
great submarine precipice found along the 100-fathom line and the practical 
coincidence of the 10- and 20-fathom lines (these cannot generally be shown 
separately even on the large chart) are striking examples of fault escarpments 
along the sides of the Rift Valley. The chart also demonstrates the connection of 
the Rawaya range with the Telat reefs by an area 9-15 fathoms deep pudder 
with small surface-reefs rising precipitously from these depths. 
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PLATE 30. 


Mar 3.—Sketch-map of Salak and the Barrier reefs extending from its point. 
Soundings with line and dot above mean that so many fathoms of line were 
run out without reaching the bottom. Small crosses indicate presence of dangerous 


rock. 


PLATE 31. 
Mar 4.—Jedda Reefs. 

The reefs round Jedda illustrate the parallelism of the structures of either side 
of the Red Sea, and are a case of this effect influeneing features. of a very small 
scale equally with such larger things as hill-ranges. 

Surface-reefs are shaded. Shore and islands dotted. 

5=fathom limes 2 aa ara eee 

10-fathom ine =- —.—.— 

t will be noticed that the 5- and 10-fathon lines are frequently coincident. 

Three miles west of the outermost reef of this chart the plateau shoals from 30 
to 15 and 10 fathoms and bears several shoals. This area is closely skirted by the 
100-fathom line, and 200 fathoms is found 4 mile further west. 


PLATE 32. 
THREE VIEWS ON RAWAYA. 


1. Entrance to Khor Atôf; notice the river-like appearance of this inlet, and 
the very low land surrounding it. The dark line along the horizon, here only half 
a mile away, is the land on the other side of the Khor, and shows how low-lyizg 
is the greater part of Rawaya (cf. fig. 2). Foreground is composed of sections of 
coral and shells of an elevated reef; the actual shore is sandy and bears a little 
vegetation, that included in the photograph being Salicornia fruticosa. 

2. The Salt Field, Jebel Abu Shagara beyond it. 

8. The ravine of Jebel Abu Shagara, showing :— 

(1) A shallow layer of coral; 

(2) Six feet of gypsum ; 

(3) Sandstone, containing glassy sheets of selenite, recrystallised from tho 
gypsum. 


Bären SE) 


Figs. 1 & 2. Corals in position of growth on the summit of Jebel Tétawib. Notice their 
perfect preservation. 
3. An example of the undermined cliffs of the Red Sea Coast. These are on the west 
side of Rawaya. Note how the same undermining is beginning on the fallen 
blocks in the foreground. 


PLATE 34. 


Looking across Dongonab Harbour in a southerly direction, t. e. from directly 
behind the sand hillocks. In the foreground is the most recent and not yet 
perfectly consolidated part of the sand plain, and the line of Suaeda and sand 
hillocks which bounds it seawards. Across the bay is the native village on the 
same low-lying sand, the rising ground to the right being Dongonab Hill, of 
the older gravelly alluvium. 
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Map 1.-GENERAL VIEW OF THE RED SEA, 
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Map 2.—POSITION OF KHOR DONGONAB. 
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Map 3.—SALAK AND BARRIER REEFS. 
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Map 4.—JEDDA REEFS, 
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CORALS AND UNDERMINED CLIFFS, 


CROSSLAND. 
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DONGONAB HARBOUR. 


